The presence of drusen in the posterior eye is a hallmark feature of the early stages of age-related macular degeneration and their size is an indicator of risk of progression to vision-threatening forms of the disease. Since the initial observations that laser treatment can resolve drusen, there has been great interest in whether laser treatment can be used to reduce the progression of age-related macular degeneration. In this article, we review the development of lasers for the treatment of those with age-related macular degeneration. We provide an overview of the clinical trial results that demonstrated drusen resolution but that had mixed effects on progression of disease. In addition, we provide a summary of the recent developments in pulsed lasers that are designed to reduce the energy applied to the posterior eye to provide the therapeutic effects of conventional continuous wave lasers while reducing the secondary tissue effects.
Introduction
Age-related macular degeneration (AMD) is the predominant cause of irreversible visual loss in people over 55 years of age, accounting for approximately 50% of legal blindness in most developed countries including the United States, Europe and Australia [1, 2] . There are two forms of advanced AMD, which are characterised by the development of either choroidal neovascularisation (CNV), the 'wet' exudative form, or geographic atrophy (GA), the 'dry' atrophic form. Regardless of the type of advanced AMD, there are common features that occur in the early stages of the disease. Notably, extracellular deposition of lipid-rich deposits called drusen accumulate between the retinal pigment epithelium (RPE) and Bruch's membrane, an elastinrich layer separating the RPE from the choroid [3, 4] . The presence of drusen is a hallmark feature of the early stages of AMD and their type, size and number influence the risk of progression of AMD [5] . Drusen greater than 125 µm in size are often referred to as soft or confluent drusen. These are associated with the highest risk of progression, compared to smaller sized drusen, particularly when present in both eyes [5] . The period of time between when drusen are observed in the posterior eye and progression to visionthreatening forms of the disease occur can be long, often occurring over decades, thus providing considerable opportunities for intervention.
Although the precise mechanism(s) that lead to the formation of drusen are not completely known, anomalies in the transport of lipid through the RPE in combination with changes in structure and thickness of Bruch's membrane are thought to be important. Indeed, there is gradual accumulation of lipoprotein within Bruch's membrane that is associated with increased thickness and a reduced capacity for nutrient and waste transport across the RPE [6] . Thickening of Bruch's membrane is thought to be a critical step in the anomalies in visual sensitivity that occur from an early stage of AMD [7] , and may also be important in the subsequent inflammatory and/or angiogenic anomalies that develop as part of progression to advanced AMD. Thus, strategies for reducing drusen, which may be merely a biomarker for positive changes in Bruch's membrane, and/ or those which have positive effects on Bruch's membrane thickness, continue to be evaluated for their potential in reducing progression of AMD.
To date, despite attempts, there is little to offer in the management strategies for AMD that specifically prevent progression of AMD from the early stages to the late visionthreatening complications of wet or dry AMD. Apart from ceasing to smoke and maintaining a healthy lifestyle and diet [8] , various supplements have been investigated. The Age-Related Eye Disease Study (AREDS) showed some benefit of anti-oxidant vitamin supplementation in some early-stage AMD patients to slow progression to advance AMD [9] . However, for many patients, anti-oxidant vitamin supplementation showed no beneficial effect. The later AREDS 2 study modified the original AREDS formulation to include lutein, zeaxanthin and omega-3 fatty acids, but there was no further benefit on preventing the development to advanced AMD [10] .
Over the last 20 years, there has been increasing interest in the potential for ophthalmic laser treatment to reduce drusen number and size, thereby reducing progression. The aim of this article is to summarise the development of ophthalmic lasers in the management of the early stages of AMD. We begin with a historical perspective outlining the initial observations that laser application to the posterior eye was associated with drusen resolution. We then consider the results of the randomised clinical trials evaluating the prophylactic use of continuous wave lasers for reducing progression of AMD. Finally, we summarise the recent development of subthreshold lasers and the potential these lasers have for managing those with early AMD.
The origin of laser photocoagulation as a potential prophylactic treatment for AMD Drusen resolution following laser application to the macular area was first observed by Gass in 1973 [11] . He noted that following laser photocoagulation of eyes with CNV or pigment epithelium detachment using a ruby or argon laser, large drusen in adjacent areas resolved, and that the appearance of the macula was restored to almost normal appearance in a manner that did not affect visual acuity. These incidental findings heralded the notion that laser treatment of retinae could lead to resolution of drusen and potentially reduce progression to advanced forms of AMD.
The initial studies examining the effect of continuous wave laser treatment on drusen resolution and progression of AMD were largely conducted in small groups of patients with limited statistical power. Laser burns were applied to the retina either directly to the drusen, or in a predefined pattern across the macula and the laser energy was calibrated to cause a minimal visible reaction. Cleasby et al. [12] applied photocoagulation directly to drusen in one eye using an argon green laser in patients with bilateral drusen (N = 25) and patients with exudative AMD (N = 29). Drusen reduction was seen in most treated eyes during a followup period of 11-65 months. However, there was no difference in the rate of CNV development after laser treatment compared to non-lasered eyes in patients with bilateral drusen. Wetzig [13] and colleagues conducted a retrospective clinical study and treated patients with large drusen and recent visual changes including metamorphopsia or decreased visual acuity. They showed that treatment with scatter-pattern photocoagulation, which neither targeted nor avoided drusen, resulted in drusen reduction. Importantly, this was the first study that showed a protective benefit to visual acuity, with the stabilisation of vision in 52% of 42 lasered eyes. Overall, these studies demonstrated that application of continuous wave argon laser that induced a minimal visible reaction lead to resorption of drusen in a majority of eyes. What was not clear was the mechanism by which drusen resolution occurred and whether the laser treatment led to reduced progression of disease.
Histopathological changes induced by thermal laser application in eyes with drusen
In concert with the clinical observations that laser application could resolve drusen and potentially reduce progression of disease were a series of studies important for gaining a better understanding of the cellular effects induced by the laser-induced treatment. Laser application to the posterior eye had effects on the RPE, infiltrating macrophages, the structure of the choriocapillaris and Bruch's membrane.
Laser energy is absorbed by pigments in the RPE, predominantly melanin, leading to the death of RPE cells as well as the spreading of thermal effects to surround tissues. The spread of heat anteriorly can cause injury to the inner retina and the nerve fibre layer, while the spread of heat posteriorly can cause breaks in Bruch's membrane. However, in addition to the death of dysfunctional RPE cells, Frennesson and Nilsson [14] suggested that laser photocoagulation, at low power, could beneficially lead to the proliferation of newer and more functionally active RPE cells which could better phagocytose drusen material.
In addition to changes in the RPE, treatment of the posterior eye with a continuous wave laser also induces changes on Bruch's membrane and infiltrating macrophages. Sigelman [15] suggested that laser photocoagulation increases the permeability of Bruch's membrane so as to improve the egress of drusenoid debris. Bruch's membrane thickens with age in response to an accumulation of lipid, among other age-related changes. This in turn presents a hydrophobic barrier that inhibits the flow of waste products from the RPE to the choroid, as well as nutrients from the choroid to the RPE [16] . Laser application may cause contraction of collagen and elastin within Bruch's membrane disrupting the hydrophobic properties of this barrier, thereby enhancing transport conductivity [17] . In addition, Guymer et al. [18] showed that laser photocoagulation led to an increase in protrusions of choroidal endothelial processes into Bruch's membrane, which they proposed increased the vascular surface area, which could aid in the removal of drusenoid material. Duvall and Tso [19] examined the ultrastructural changes associated with drusen resolution in a rhesus monkey following laser treatment. They observed infiltration phagocytic cells, especially macrophages into the lasered and the neighbouring areas. Notably, macrophages containing phagosomes filled with drusenoid material and photoreceptor debris were found clustered around the RPE and damaged photoreceptors within the subretinal space. The authors attributed the removal of drusen material to the increased phagocytic activity of macrophages.
Randomised controlled trials evaluating prophylactic thermal laser therapy to slow progression in AMD Prophylatic laser treatment has been investigated in groups of patients with large bilateral drusen (>125 µm in size) or those with CNV in one eye and large drusen in the fellow eye because these two groups of patients represent those at greatest risk of vision loss from disease progression. The first randomised controlled trial (RCT) was reported by Figueroa et al. [20] in 1994. They prospectively recruited 46 patients with confluent soft drusen in either one (unilateral group) or both (bilateral group) eyes and directly targeted drusen in the temporal macula with an argon green continuous wave laser. Patients in the bilateral group (30 patients) had one eye treated, with the second eye serving as a non-lasered control. Patients in the unilateral group (16 patients) had CNV in one eye, and only the contralateral eye, with soft drusen, was treated. Temporal drusen which were directly treated by laser resolved over a mean period of 3.5 months, but untreated drusen in subfoveal and nasal macula also resolved over a mean period of 8.5 months. After a mean of 3-year follow-up, CNV did not occur in the treated eyes, but was seen in one control eye in the bilateral group. In the unilateral group, CNV occurred in 3 (18%) of treated patients. The investigators concluded that prophylactic laser treatment may have a role in reducing the risk of progression in patients with high-risk bilateral soft drusen and that a larger study was required to allow more definitive conclusions to be made.
Frennesson and Nilsson [14] performed a prospective randomised controlled study of 38 patients using an argon laser (100-200 mW for 0.05 s duration) on and between drusen in a temporal horseshoe-shaped pattern (>500 µm outside the foveal centre). Nineteen eyes were allocated to each experimental group (treatment: 13 with bilateral drusen and 6 fellow eyes; control: 9 with bilateral drusen, 7 fellow eyes and 3 contralateral eyes with optic neuropathy or post encephalitic maculopathy). Drusen reduction was significantly reduced in eyes that had laser treatment in contrast to an increase in drusen area in control eyes (P < 0.01). At the 8-year follow-up time point, CNV was observed in 9 of the 16 control eyes (4 bilateral drusen eyes and 5 fellow eyes) compared with 2 of the 13 treated eyes (both bilateral drusen eyes). Atrophy was seen in one eye in the control group. This study indicated that the prophylactic application of laser to soft drusen may be beneficial in reducing the development of CNV, although with only a small sample size, definitive conclusions could not be reached.
These initial small-scale RCTs reported drusen reduction following argon green laser treatment. More importantly, they demonstrated some clinical benefit and highlighted the potential for preventing the progression to advanced AMD. Despite the limitation of small cohort sizes, which made the reported positive results difficult to interpret, these smallscale RCTs provided the impetus to proceed to larger multicentre RCTs.
Large RCT involving thermal laser at subthreshold intensity
A number of large multicentre randomised clinical trials have been conducted to assess whether prophylactic laser [26, 27] treatment reduced progression of AMD in those at highest risk (summarised in Table 1 ). In addition, in some studies effect of prophylactic laser treatment on visual function (e.g, visual acuity, contrast sensitivity, reading ability) was also considered. The Choroidal Neovascularization Prevention Trial (CNVPT) Research Group [21, 22] conducted two studies (Bilateral Drusen Study and Fellow Eye Study) in the United States. A total of 120 patients with exudative AMD in one eye and more than 10 drusen (>63 µm) in the fellow eye were enrolled in the Fellow Eye Study; 156 patients without exudative AMD and with more than 10 drusen (>63 µm) in both eyes were enrolled in the Bilateral Drusen Study. In the Bilateral Drusen Study, patients had one eye randomised to laser treatment, with the second eye acting as a control. In the Fellow Eye Study, the eye not affected by exudative AMD was randomised to either laser treatment (59 patients) or control (61 patients). In both studies the treatment groups received 20 laser spots more than 750 µm from the foveal centre using an argon laser with the power titrated to a light grey-white intensity. Consistent with previous studies, significant drusen reduction was seen following laser photocoagulation. Furthermore, associated improvements in visual acuity and contrast sensitivity were also seen in the treated eyes at 12 months. However, at 12-18 months, patients in the Fellow Eye Study who had received laser had a significantly higher incidence of CNV (10 of 69 treated eyes) compared to observation (2 of 61 control eyes). It was noted that eyes which had received laser photocoagulation at higher intensity were more likely to develop CNV. However, over a longer term (>30 months), the incidence of both CNV and geographic atrophy was the same across the two experimental groups. Despite no difference between the long-term incidence of advanced AMD in both groups, the studies were halted due to safety concerns for increased CNV incidence in the short term. Laser-induced CNV was also observed in the Drusen Laser Study [23, 24] . In all, 282 patients were recruited into two groups: 177 in the unilateral arm (soft drusen in one eye and exudative AMD in the second eye) and 105 in the bilateral arm (soft drusen in both eyes). Prophylactic laser photocoagulation with an argon green/yellow dye laser (0.2 s, 65-120 mW) was performed in two rings (12 laser spots in total) 750 µm and 1500 µm from the centre of the fovea. In the unilateral group, 29.7% (27 of 91) of treated patients developed CNV compared with 17.65% (15 of 85) of the observed patients after 3 years (P = 0.061) with 6 months earlier onset of CNV seen in patients who received laser treatment (P = 0.05) [23, 24] . In the bilateral group, the incidence of CNV was also higher in the lasertreated (11.6%, 12 of 103) compared to the fellow eyes (6.8%, 7 of 103), but again this was not significant (P = 0.225) and there was no difference in CNV onset. While the differences in CNV incidence were not statistically significant, the investigators also suspended patient recruitment due to concerns for laser-induced CNV.
The largest randomised controlled trial to date, the Complications of Age-Related Macular Degeneration Prevention Trial (CAPT) [25] , began following findings of the CNVPT to specifically investigate laser-induced complications associated with prophylactic laser treatment in patients with AMD. A total of 1052 patients with bilateral drusen were enrolled into the study, with one eye selected randomly for laser treatment (argon green 512 nm, 60 spots in a grid pattern between 1500 and 2500 µm from the foveal centre, 0.1 s) with the fellow eye allocated for observation. Given that in the CNVPT, CNV incidence was higher in eyes receiving more intense laser burns, the CAPT trial was conducted with low-intensity laser burns that were barely visible. After 5-6 years of follow-up, the investigators concluded that low-intensity laser application did not have any significant effect on visual acuity nor did it change the risk of developing either GA or CNV. Drusen reduction (≥50%) was seen in 41.8% of treated eyes compared with 31.2% in observation eyes at 5 years. The cumulative incidence for choroidal neovascularization was 13.3% for both groups and the 5-year cumulative incidence for GA was 7.4% and 7.8% for control and treated eyes, respectively.
The Prophylactic Treatment of Age-Related Macular Degeneration (PTAMD) [26, 27] trial was initiated following results from the smaller trial performed by Olk et al. [28] , the first group to use the infrared diode laser. This study recruited 244 patients to the unilateral arm (CNV in one eye and >5 drusen in the fellow eye) and 639 patients to the bilateral arm (>5 drusen in each eye). Patients in each arm were randomised to a treatment and control groups. A low-intensity infrared (810 nm, 0.1 s) diode laser was used to create a grid of 48 spots in 4 concentric circles 750 to 2240 µm from the foveal centre in the treatment group. Substantial drusen reduction was seen in both study arms (P < 0.001), but no visual acuity benefit was gained in the long term (>3 years). In the unilateral arm, the cumulative rate of CNV at 18 months was significantly higher (P = 0.05) in the treated group (19.7%) compared to control (4.9%). In the bilateral arm, CNV rate did not differ between treated and untreated eyes at 3 years. The incidence of GA was not assessed in this trial. The investigators concluded that prophylactic thermal laser treatment of drusen did not prevent the development of CNV, but could even increase the risk of development of CNV in patients who are already affected by exudative AMD in the contralateral eye.
Frennesson and the Prophylactic Laser Treatment Study Group [29] conducted a multicentre Nordic study involving 135 patients with a follow-up period of 4 years. A total of 67 patients were randomised to a treatment group (argon green, 0.04 s) and 68 patients to the control group. Similar to previous studies, patients were further assigned to two arms (bilateral and unilateral) based on the number of eyes affected by soft drusen. At 4 years, there was no statistical difference (P = 0.2-0.3) in CNV rate between the treated (4 from 55 eyes in the bilateral group, 3 from 13 eyes in the unilateral group) and the control group (3 from 54 eyes in the bilateral group and 2 from 14 eyes in the unilateral group). Visual acuity was reduced from baseline in all groups but there were no significant differences between the treated and control groups. Similar to the CAPT and PTAMD trials, the authors concluded that mild prophylactic laser treatment of soft drusen had neither beneficial nor harmful effects on those with AMD.
Despite the many trials conducted to investigate the effect of prophylactic laser treatment for AMD using conventional thermal laser therapy, the results have been inconclusive, with several studies [14, 17, 28] demonstrating clinical benefits whereas others [22, 30] showed acceleration of CNV progression. Recently, two systematic reviews of the randomised clinical trials have been conducted to assess the potential for argon laser treatment to reduce the progression of AMD [31, 32] . These two metaanalyses that include over 2000 patients in 11 randomised clinical trials showed that although laser treatment reduced drusen (odds ratio = 9.16) [32] , there was no evidence for slowing or accelerating the progression of AMD [32] .
In the majority of the multicentre RCTs, the main recurring concern was the perceived increased risk of laserinduced CNV. Indeed, because of the reported risk of CNV at 12-18 months in the CNVPT trial, the published results later led to the cessation of other major RCTs investigating lasers for their potential to reduce the progression of AMD. From various clinical and histopathological studies, it is now understood that inherent in the thermal laser response is an inflammatory reaction precipitated by thermal damage which results in coagulative necrosis of the targeted and neighbouring retinal tissue [33, 34] . It is possible that this inflammatory response may increase the risk of CNV development. As such, the need for laser intervention that delivers the beneficial effect, without the accompanying inflammatory side effect, has led to the development of subthreshold lasers.
The development of subthreshold laser treatments
Laser parameters such as wavelength, power, spot size and pulse duration can be altered to reduce the amount of thermal energy delivered so as to limit tissue damage. These modifications have led to recent developments in subthreshold laser treatment that include using subthreshold diode micropulse lasers, selective retinal therapy using micropulse lasers and nanosecond lasers. Broadly, these lasers may be able to achieve the therapeutic benefits of thermal lasers while minimising retinal damage by delivering light energy as very short pulses [35] .
Selective retinal therapy (SRT) involves applying a train of laser pulses that are in the microsecond range [35] . Application of short laser pulses to the posterior eye induces a high temperature within RPE cells that is thought to cause microbubble formation around melanosomes that leads to the selective loss of RPE cells [36] . Importantly, the background temperature increase remains at sublethal levels reducing collateral damage to neighbouring tissues. Cellular effects of SRT have been evaluated in a number of laboratory studies confirming the selectivity of RPE cell loss and the limited effect on the neighbouring neural retina [37, 38] . In addition, retinal function in humans has been evaluated over a 1-year period using microperimetry and showed no anomalies in regions immediately above the lasered regions over a 1-year period [39] . The only clinical application of SRT reported to date has been a small nonrandomised study in patient with diabetic macula oedema [40] .
Subthreshold diode laser treatment
The subthreshold diode micropulse laser (SDM) delivers energy via multiple repetitive short pulses, which is released in bursts lasting 100-500 ms. Importantly, the time between laser bursts (referred to as the duty cycle) is long enough to prevent thermal energy being dissipated into neighbouring tissue. In addition, a longer wavelength near-infrared laser (i.e., 810 nm diode laser) further minimises thermal diffusion into tissues. Clinically, the injury profile of the subthreshold diode micropulse laser is not well established, although it has been reported that there are limited discernible effects on the retina [41, 42] when viewed with standard ophthalmological imaging techniques (e.g., optical coherence tomography, fluorescein angiography). A few retrospective studies, utilising the micropulse laser, have been conducted on patients with AMD. Luttrull and Margolis [43] conducted a non-randomised study without control subjects on 108 patients with AMD using a panmacular micropulse laser (1800-3000 spots). At 1 month after laser application, they reported electrophysiological enhancement of inner retina and ganglion cell function using pattern electroretinography [43] . A few other investigators have also reported clinical benefits and explored different indications for the micropulse laser in various small-scale studies [44, 45] . However, in all of these studies, the focus was on derived benefits in advanced AMD rather than the prophylactic treatment in early AMD. The capability of the SDM laser to arrest or slow progression of AMD has not yet been explored in any large-scale randomised clinical study.
Development of nanosecond laser treatment for prophylactic treatment in AMD
More recently, a nanosecond laser has been developed, which delivers energy in 3-nanosecond pulses through a fine speckled-pattern distribution laser beam [46] . Clinically, the nanosecond laser has been employed in a pilot study involving 50 patients with bilateral drusen >125 µm (intermediate AMD) [47] . Treatment involving application of 12 laser spots within the macula of one eye was associated with a reduction in drusen in 44% of treated eyes and 22% in the fellow eye over a 12-month period [47, 48] . Macular sensitivity measured by flicker perimetry also improved by a mean of 9 dB at 3 months post laser. When compared to a historical control group of 58 patients with intermediate AMD, at the 24-month time point, 35% of the treated eyes had drusen regression compared with 11% of eyes in the natural history cohort (P < 0.01) [40] . Drusen resolution is known to precede the development of RPE atrophy, a hallmark of disease progression [49, 50] . In order to ascertain whether drusen resolution induced by nanosecond laser treatment occurred because of disease progression, rather than the laser treatment, changes in fundus autofluorescence were evaluated. Fundus autofluorescence was quantified in the areas of the macula where drusen resolved and compared to adjacent regions where drusen were stable. In the majority (75%) of patients, fundus autofluorescence images showed no changes in intensity, suggesting that there were no anomalies induced in underlying RPE (e.g., such as atrophy) following laser treatment suggestive of progression of disease [48] .
It has been hypothesised that the nanosecond laser achieves photostimulation of the RPE that triggers a woundhealing response in adjacent RPE cells. The nanosecond laser induces discrete and selective RPE cell death (see Fig. 1a ) [46, 48] that is thought to be through a mechanism involving the production of microbubbles around melanosomes [41, 51, 52] . The injury profile of the nanosecond pulsed laser on RPE in animal models, in human explants and in human eyes treated before exenteration of the eye have been reported [46, 48, 51, 52] . These studies have shown that even at high suprathreshold energy levels, nanosecond laser treatment causes significantly less collateral damage to neighbouring tissue when compared with the conventional thermal lasers [48] . When applied at clinical therapeutic energy levels (109 mJ/cm 2 per pulse), damage is confined exclusively to the RPE, with preservation of the overlying neuroretina. This is observed in human retinae using optical coherence tomography as well as in histological analysis of human and mouse retinae. Figure 1b , c show the structure of the human retina 5 days after a nanosecond or continuous wave laser treatment, respectively. Retinal structure is preserved following application of a nanosecond laser burn, whereas following a continuous wave laser spot, the outer nuclear layer is almost entirely absent.
Thickening of Bruch's membrane is thought to be central to the progression of AMD. It is a dynamic structure that is constantly formed and degraded. Degradation is facilitated by matrix metalloproteinases (MMPs), enzymes secreted by the RPE that breakdown collagen and other constituents of the extracellular matrix. There is some evidence that nanosecond laser has the potential to ameliorate the pathological thickening of Bruch's membrane [48] . Zhang et al. [53] showed an increase in the level of MMP-9 and MMP-2 secreted by cultured human RPE following application of the nanosecond laser. Furthermore, treatment of 9-month-old ApoEnull mice with the nanosecond laser Fig. 1 Effect of laser treatment on the structure of the human RPE and retina. a Flatmounted region of RPE that had received nanosecond laser treatment 5 days prior to exenteration and is labelled with the F-actin marker, phalloidin. The nanosecond laser induces selective ablation of a small area of RPE. b Vertical section of human retina in the region that had received nanosecond laser treatment 5 days prior. Cones are immunolabeled with peanut agglutinin (red), other retina neurons are labelled with calbinin (green) and all somata are labelled with the nuclei stain, bisbenzamide (Hoechst). There is no visible destruction of any of the retinal layers in the laser treated region. c Vertical section of the human retina in the region that had received continuous wave laser treatment 5 days prior. Cones are labelled with peanut agglutinin (red), and other retinal neurons with calbinin (green). All nuclei are stained with bisbenzamide (Hoechst; blue). The outer nuclear layer is absent in the area that received laser treatment (white arrow). GCL ganglion cell layer, IPL inner plexiform layer, INL inner nuclear layer, OPL outer plexiform layer, ONL outer nuclear layer, IS/ OS inner segments/outer segments prevented thickening of Bruch's membrane over a 4-month period compared to non-lasered ApoEnull and control (C57Bl6) mice. Moreover, the laser-induced changes in Bruch's membrane thickness were associated with changes in the expression of a range of genes associated with the extracellular matrix including MMP-2 and MMP-3 [48] . These studies indicate that the nanosecond laser induces selective ablation of the RPE without inducing secondary effects on the overlying or neighbouring neural retina. Furthermore, these studies also suggest that the nanosecond laser may have other undiscovered positive effects on the surviving and/or newly generated RPE cells which may contribute to debris clearance and/or thinning of Bruch's membrane.
Overall, the results to date investigating the effect on the retina of the nanosecond laser show that application of this laser to patients with intermediate AMD is associated with a reduction in drusen in both the treated eye and in some cases fellow eyes. In addition, nanosecond laser improves macular sensitivity. In a mouse model nanosecond laser treatment reduces Bruch's membrane thickness via alterations in ECM gene expression. Importantly, it was able to achieve these effects while preserving retinal structure and without causing an overt inflammatory immune response or hastening the progress of retinal atrophy or CNV. The longterm effect of nanosecond laser treatment in preventing progression to advanced AMD remains to be determined and is currently under investigation in a large multicentre, randomised clinical trial [54] .
Conclusion
After decades of fundamental research and clinical trials, the prophylactic use of laser therapy to prevent or reduce progression of AMD remains under investigation. However, significant progress has been made in the field of laser technology and modalities, which has created new opportunities and has defined potential new roles for the use of modern lasers in AMD. From the major RCT, it is now well established that photocoagulation using the traditional thermal laser results in clearance of drusen, but does not alter the risk of progression to advanced AMD. The interest now is in the short pulse duration lasers, delivered in a subthreshold manner in the attempt to garner the beneficial effects of the laser without any damaging inflammatory effect. These novel lasers aim to produce photostimulation which selectively targets the RPE without the accompanying collateral retinal damage. As such, these new modalities in laser technology may provide promising treatments of AMD through RPE-mediated mechanisms which had remained unexplored initially with thermal lasers. Currently, the Laser Intervention in Early Age-Related Macular Degeneration Study (LEAD), a multi-centre randomised clinical trial using a nanosecond laser to investigate progression of AMD in 240 participants, is underway. We are unaware of other large randomised clinical trials using other subthrehold lasers, although smaller cohort studies and treatments continue. The clinical benefit of prophylactic laser application to treat AMD, and which sub-groups of AMD should be treated, will be further clarified once the results from the LEAD trial and other upcoming studies emerge in the near future.
